B
efore this study, the data regarding the risk of gastric-to-pulmonary aspiration in the upper gastrointestinal (GI) endoscopy population was critically lacking. Because of oropharyngeal manipulation during upper GI endoscopy and concomitant underlying gastrointestinal pathologies, there was concern that this population would have a higher risk of aspiration. Prospective data have shown a high incidence of "high risk" residual gastric material observed during elective upper GI endoscopy (12.2%) despite patient-reported fasting in accordance with the current guidelines.
1,2 Other investigators have collected prospective data of endoscopic retrograde cholangiography that have shown an incidence of cardiopulmonary complications (but not specifically aspiration) of 10.3% (34% of these were fatal). 3 We performed a focused investigation of the incidence of aspiration in patients undergoing elective upper GI endoscopy.
Methods

Study Design and Patients
The present study was reviewed and approved by the Mayo Clinic Institutional Review Board. Our electronic medical record and robust anesthesia Datamart were queried using the Advanced Cohort Explorer to identify patients who had undergone an elective upper GI endoscopy. 4 Inclusion criteria were patients aged 18 years who underwent elective upper endoscopy between January 1, 2000, and June 1, 2016. All elective endoscopy cases had nothing by mouth according to the American Society of Anesthesiologists guidelines. 2 Patients were excluded from the study if they were younger than age 18 years, were intubated before arrival to the procedural suite, or had a pre-existing tracheostomy.
Definition of Anesthesia Type
Anesthesia type was separated into registered nurse (RN) sedation, monitored anesthesia care (MAC), and general endotracheal anesthesia (GETA) based on the definitions outlined by the American Society of Anesthesiology. Anesthesia type was determined by the initial choice of anesthesia type at the initiation of the elective procedure. For example, if a patient initially was managed under MAC but then aspirated and converted to a GETA, then the case was labeled as a MAC. RN sedation at our institution typically consisted of moderate intravenous (IV) sedation with fentanyl and midazolam, performed by a trained RN, and supervised by a gastroenterologist. MAC typically consisted of moderate IV sedation with fentanyl, midazolam, and frequently a propofol infusion, performed by a certified registered nurse anesthetist. GETA consisted of an IV or inhalational general anesthetic with a cuffed endotracheal tube in place.
Identification of Aspiration Cases
The electronic medical records of all patients included in the study were scanned electronically with a previously validated aspiration sniffer. 4 Potential aspiration cases identified by the sniffer then were reviewed manually by our study personnel (O.O., R.M., and K.A.N.). Criteria for definite aspiration were based on the 1993 study by Warner et al. 5 Disagreements were reviewed manually and adjudicated by a third senior manual reviewer (A.K.J.).
Results
A total of 60,770 upper endoscopies performed at the Mayo Clinic Rochester during the study period met the study inclusion criteria. Among these, 28 cases of definite acute periprocedural gastric-to-pulmonary aspiration were identified (0.05%). The incidence of gastric-to-pulmonary aspiration during elective upper GI endoscopy procedures differentiated by anesthesia type is presented in Table 1 .
For those patients who suffered a gastric-topulmonary aspiration event, they had a statistically and clinically significant higher requirement for intensive care unit admission (1% vs 75%; P < .01), longer hospital length of stay (median, 1.0 vs 6.4 d; P < .01), and a higher mortality rate (0% vs 7%; P ¼ .004).
Discussion
As the annual number of elective upper GI endoscopy procedures continues to increase, the potential impact of gastric-to-pulmonary aspiration events during these procedures also is becoming more significant. 6 In our retrospective observational study of more than 60,000 elective upper GI endoscopies, we discovered that the risk of aspiration is significant (4.6 per 10,000), and that these aspiration events are associated with worse mortality and hospital length of stay.
In other settings, the aspiration risk during sedation was assumed to be much lower than with general anesthesia because airway reflexes are at least partially maintained with sedation. However, to tolerate upper GI endoscopy, many patients may require a depth of sedation that impairs those potentially protective airway reflexes. 7 In addition, upper GI endoscopy involves upper-airway manipulation and often gastrointestinal insufflation, which both potentially increase the risk of regurgitation and aspiration.
Our study found a statistically significant association between anesthesia type and aspiration incidence, with the highest risk occurring with MAC sedation, but because of the suspected selection bias it is difficult to interpret this. To address this question more adequately, a different study design (perhaps a randomized trial or propensity-matched study) would be required. 
